a limited time on the website. Understanding of study features was related to using the Internet more frequently and attaining more information about GeneScreen conditions. Conclusions: The ease of deciding to join a genomic screening study and comprehension of its key features should be treated as different phenomena in research and practice. There is a need for a more nuanced understanding of how individuals respond to web-based consent information.
sent forms may inhibit understanding, and face-to-face interaction is time intensive and potentially costly for research studies [1, 2] . In contrast, online education and consent (sometimes referred to as "e-consent") is likely to reach more people at a faster rate and let participants proceed at their own pace. It also may permit participants to choose how much information they review about a study and in what order, offering them more freedom to investigate elements of a study they deem most important [3] .
Recent surveys of US biobankers [4] and UK clinical trial researchers [5] found that though few were currently using e-consent most would be interested in doing so. Companies such as Apple (http://www.apple.com/researchkit/) and Sage Bionetworks (http://sagebase.org/ governance/participant-centered-consent-toolkit/) have produced toolkits to help researchers develop apps for online education and e-consent to increase recruitment and enrollment.
Two recent studies of online education and e-consent compared understanding of information conveyed in the consent materials among participants randomized to receive either traditional paper consent or interactive online education and e-consent [2, 6] . Both studies found that participants randomized to online education and econsent had a better understanding of the information than those using paper informed consent. Participants also spent more time with online consent materials, perhaps in part because those materials were designed to be relatively interactive (they provided feedback on questions that participants answered) [2] . Another project that used e-consent without interactivity concluded that very few participants thoroughly read the consent form online before agreeing to participate [7] , suggesting that using online education and e-consent in a study does not, on its own, ensure greater user engagement. It also raises the question of whether participants may vary in the extent to which they engage with a website and learn the information it presents.
The Multiplex Initiative (MI), which was motivated by technological advances in genetic sequencing and the increase in direct-to-consumer testing, examined whether online education could convey information necessary to help participants make an informed decision regarding genetic testing for common, complex diseases [8] . The MI surveyed a random sample of approximately 2,000 healthy adults associated with the Henry Ford Health System and sent a follow-up brochure directing them to the MI website offering free genetic multiplex testing. The website provided education about the study and testing in 3 modules, and then in a fourth module it asked whether respondents would like to participate in the genetic testing [8, 9] . Of the participants who logged onto the website, those who viewed more pages on the website were more likely to say the decision to get testing was easy and to have blood drawn for testing [8] . This finding highlighted the possibility that participants' behavior on the website may be associated with their decision outcomes. The study also explored who did and did not visit the website and who sought testing. Findings indicated that 32% of the people who were mailed the brochure visited the website, and 43% of those who went to the website ultimately consented to a blood draw for genetic testing (14%). Participants who logged onto the website and chose testing were significantly more likely to be white, female, and college educated [9] .
Only a few other studies have addressed the use of online education and e-consent for genetic research. One examined the feasibility of e-consent for genetic testing for lung cancer susceptibility among 116 smokers who were relatives of patients diagnosed with lung cancer [10] . The 44 who logged on to the study's website and provided saliva for testing reported more knowledge about cancer genetics and more frequent Internet use than those who did not log on. A study in the UK conducted qualitative interviews with 42 members of the general public who were asked to try a website for a hypothetical largescale gene-environment study [11] . Findings indicated that approximately 3 out of 4 participants would be willing to use e-consent, as long as trust is established quickly and people have online access to the amounts and types of information they desire.
We report here on results from GeneScreen, a study that screened healthy adults for rare conditions that are related to clinically important genetic variants and that have prevention and/or treatment options, such as hereditary breast and ovarian cancer, Lynch syndrome, and long QT syndrome. Its testing panel included 17 genes for 11 conditions estimated to occur in 1-2% of the general population [12, 13] . This targeted approach, which we label "preventive genomic screening," contrasts with clinical genome or exome sequencing for diagnostic purposes that may discover actionable variants but that also confronts a deluge of secondary findings for which no medical treatment is warranted [14] . GeneScreen used online education and e-consent.
In the present study, we examined 2 research questions motivated by the nascent literature on e-consent to genomic testing: what factors were associated with (1) ease of deciding to join and (2) understanding the main study features? We examined participants' sociodemographic characteristics, website behavior on the GeneScreen site, attitudes, and other factors we hypothesized would be associated with these 2 outcomes. Specifically, based on the MI [8, 9] and those studies that compared online with traditional paper consent [2, 6] , we hypothesized that participants' behavior on the website (including the amount of time spent on the website) would predict the ease of deciding to join the study and understanding of the main study features, and that frequency of Internet use [10] and trust in the website [8, 11] might be positively related to both outcomes. The MI, from which we drew several of our measures, also raised the issue of who would respond to recruitment for genomic sequencing, given that participants who agreed to testing in the MI were mainly white, female, and well educated.
Methods

Individuals Approached to Participate
GeneScreen recruited participants at 2 sites: (1) a hospitalbased general medicine clinic at the University of North Carolina at Chapel Hill (UNC) ( n = 436) and (2) a research biobank associated with Kaiser Permanente Northwest (KPNW) ( n = 650). At UNC, we recruited participants using patient lists linked to 7 internists who referred adult patients (over age 18 years) who were healthy (not suffering serious illness) and who in their clinical opinion had sufficient decisional capacity to provide informed consent. At KPNW, eligible individuals were adult biobank members who had a DNA sample stored and available. Recruitment was designed to yield a diverse population. Specifically, in each location, we approached equal numbers of men and women and, where possible, equal numbers from selected racial/ethnic groups (black, white, other) and adult age groups (18-40, 41-60, and 61 years and over) for recruitment. Although we did not specify that individuals had to have Internet access to participate, those without Internet access would not have been able to complete the study activities and thus were essentially excluded.
Procedures
Individuals were mailed a letter and brochure that provided: (1) an overview of the study, (2) an invitation to visit the study website to get additional information, and (3) a request to complete a 30-min online survey regardless of whether they chose to have screening. When individuals first logged on to the website, they confirmed their eligibility (age over 18 years, English speaker, UNC patient or KPNW member) and then proceeded to the content of the website, which included education on how genes affect health, the goals of the GeneScreen study, a description of the screening test, and a decision aid (i.e., 5 questions to consider before choosing whether to participate). The website also presented a summary of the key study features required for informed consent, 14 of which could be expanded to display more information (see online suppl. Table 1 ; for all online suppl. material, see www. karger.com/doi/10.1159/000481359). Two institutional review board experts helped to write these summaries so that the most essential information was visible without having to expand the statements. For example, one statement read, "What does GeneScreen test for? It examines a person's DNA in 17 genes for mutations that can cause one of 11 genetic health conditions." This statement could be clicked on to reveal more information about the screening test. Additionally, the phrase "11 genetic health conditions" in the statement was a hyperlink to the list of conditions and their detailed descriptions.
Consent for GeneScreen was provided online regardless of whether individuals expanded any of the summaries of study features required for informed consent. Participants who consented to screening ("joiners") or decided against joining ("decliners") then completed a survey assessing their decision making and understanding. For participants at UNC, an incentive of USD 30 was offered for completion of the survey. At KPNW, no incentive was offered to joiners because, in anticipation of a larger study with biobank members, we wanted to test the rate at which joiners would be willing to complete a survey without compensation. At the end of the survey, individuals were asked whether they would be willing to be contacted for a telephone interview. A subset of those who agreed were contacted for an interview that lasted on average 30 min. Every interviewed participant received USD 30 (see Fig. 1 and online suppl. Fig. 1 for a recruitment overview). Participants who were willing to complete a telephone interview (77%) did not differ demographically from those who were not willing. However, we oversampled men and UNC participants to complete the interviews because we wanted interviewees from each of 3 age categories, 2 gender categories, and 3 race categories at both recruitment sites. Because of this oversampling, interviewed participants reported better health, higher incomes, and more education in the survey than those not interviewed. Interviews were audio recorded, transcribed verbatim, and coded for factors related to when and why participants made their decision to join the study.
GeneScreen was approved by the institutional review boards of UNC and KPNW.
Measures
Outcome Variables
Ease of deciding to join the study was measured with the following question developed for this study: "How easy or difficult was it for you to decide to join GeneScreen?" Responses were given on a 6-point scale, where 1 = extremely difficult and 6 = extremely easy.
Understanding of the main study features was assessed with 5 statements that described study components that were deemed by the study team to have key importance (see Results for the statements). Participants could answer "true," "false," or "don't know." Correct responses were scored as 1 and incorrect and don't-know responses were scored as 0. An understanding score was computed by summing the number of correct responses, resulting in possible scores of 0-5. After each item, participants saw a message that indicated whether they had answered the question correctly and, if not, provided and explained the correct answer. Participants could not go back and change their answer after seeing the correct answer.
Predictor Variables: Website Behavior Time spent on the website was measured as minutes from log on to consent, as automatically captured by the website. Twenty-three participants logged on more than once, so their scores were calculated manually by examining how long they spent on specific pages. Three participants spent more than an hour on the site, suggesting that they had left the website open while engaging in unrelated tasks. We truncated these scores to 60 min. Despite this correction, the variable was skewed (mean = 9.489, SD = 9.44, skewness = 3.152). We used a 90th percentile winsorizing procedure [15] , resulting in a distribution with a skewness of 1.340 and a maximum value of 25.78.
Participants had access to enriched information when they clicked to open a webpage or expand a topic to get additional information. These items were designed to supplement the most critical information, which was available without additional clicking. From these behaviors, we created 3 variables. First, participants could click to open on the "health conditions" page (HC page) that showed a list and brief description of each of the 11 health conditions associated with the 17 genes included on the GeneScreen panel. We created an HC page variable that indicated whether each participant clicked to open the page (=1) or not (=0). Second, participants who opened the HC page could click to expand each of the 11 health conditions to get additional information about them. Because most participants did not click on any of the health conditions, we dichotomized this variable into 0 (clicked no items) and 1 (clicked 1 or more items). Third, one page displayed bullet points of key study features required for informed consent (see online suppl. Table 1 ); 14 of these could be expanded to display additional information. This variable was also skewed (i.e., 2.432), so we recoded it such that 0 = clicked no items, 1 = clicked 1 item, and 2 = clicked 2 or more items.
Trust in the website was measured with one item adapted from Kaphingst et al. [8] : "I trusted the information on the website." Responses ranged from 1 (strongly disagree) to 6 (strongly agree).
Frustration with the website was measured with one item developed for this study, i.e., "Using the website was frustrating." Responses ranged from 1 (strongly disagree) to 6 (strongly agree).
Possible Control Variables
Genetic self-efficacy was assessed with a 6-item scale developed by Kaphingst et al. [8] to measure participants' confidence that they could understand genetics and how genetics affect health or that they could access this information if needed. Reponses ranged from 1 (strongly disagree) to 6 (strongly agree), and the average was computed to create a genetic self-efficacy score. Higher scores indicated greater genetic self-efficacy. The scale had good internal reliability (α = 0.887).
Worry about genetic screening was assessed with a 6-item scale developed for this study to measure the extent to which participants worried about privacy, having a mutation, their health, and their family's health. Responses were provided on a scale of 1 (not at all worried) to 5 (extremely worried). An average was calculated to yield a worry-about-genetic-screening score. The scale had good internal reliability (α = 0.810).
State anxiety was assessed with the GAD-2 [16] . It is the average of 2 items that asked how often over the past 2 weeks participants felt anxious or unable to control worry. Responses ranged from 0 (not at all) to 3 (nearly every day).
Trait anxiety was measured with the neuroticism subscale of the brief version of the Big Five Personality Inventory [17] . This scale asks participants how much they agree with statements about whether or not they see themselves as anxious or relaxed (1 = strongly disagree; 6 = strongly agree). Higher scores indicate higher levels of anxiety.
Frequency of Internet use was assessed with a single item developed for this study: "In a typical month, how often do you use 239 the Internet (for instance, for email, getting information, paying bills, using social media like Facebook, or shopping)?" Responses were provided on a scale of 1 (a few times a month or less) to 4 (several times a day).
Understanding of genetics was assessed with 15 items from the University of North Carolina Genomic Knowledge Scale [18] , which measures knowledge in 3 domains thought to be critical for informed decision making in genomic sequencing: the structure and function of genes, how they are inherited in families, and their relation to health. The original scale includes 25 items. We dropped 6 items addressing understanding of whole exome sequencing because they were not relevant to GeneScreen. To reduce the burden, we dropped an additional 4 items that were not relevant to this study, with guidance from the measure's developers to minimize adverse effects on reliability. For each of 15 statements (e.g., "gene variants can have positive effects, harmful effects, or no effects at all"), participants could answer "true," "false," or "don't know." We scored correct responses as 1 and incorrect and don't-know responses as 0. Possible scores ranged from 0 to 15. As with the GeneScreen knowledge items, participants were provided the correct answer after responding and they were not permitted to change their response.
Analysis Plan
First, we computed descriptive statistics ( Tables 1-3 ) to evaluate the distributional and psychometric properties of each variable. We evaluated missing data and applied accepted methods for transforming or recoding variables, when necessary. Second, we calculated bivariate correlations ( Tables 4 , 5 ) to identify variables that were significantly associated with each outcome variable (i.e., ease of deciding to join, understanding of the main study features). These analyses allowed us to identify potential covariates from among sociodemographic, medical, and website behavior variables. Third, we conducted 2 multivariate linear regression analyses to test our hypotheses, i.e., 1 for each of the 2 outcomes ( Tables  6 , 7 ). In bivariate and multivariate analyses, missing data were handled with an expectation maximization imputation [19] . Finally, because the sites (UNC and KPNW) differed across some demographic and other variables measured in GeneScreen, we explored whether site contributed to variation in bivariate or multivariate associations with the 2 outcomes. Site was not a significant predictor in these subsequent analyses, so we did not include it. a UNC participants were more likely to be women (p = 0.032).
b KPNW participants were more likely to be white (p < 0.001). c UNC participants were more educated (p < 0.01).
d UNC participants had higher incomes (p = 0.001). 
Results
Participant Characteristics
Two hundred sixty-four participants submitted the joiner survey and sent in saliva (UNC) or permitted the use of banked DNA (KPNW) for sequencing. Two participants completed less than 50% of the survey, so their data were not included in these analyses. The mean age of participants was 59.20 (SD = 15.32). As seen in Table 1 , two thirds (68.7%) were women. They were highly educated (61.8% had a college degree or more) and largely non-Hispanic white. Although African Americans were slightly younger than the rest of the sample (mean = 49.9, SD = 15.8 compared to M = 59.6, SD = 15.3, respectively, p = 0.026), they did not differ on education and income variables compared to white or other races. Participation rates differed for the UNC (16.5%) and KPNW (30%) (online suppl. Fig. 1) . Overall, the enrollment rate was 24.5%. Tables 2 and 3 provide descriptive data for the variables used in these analyses. Overall, participants reported that deciding to join the GeneScreen study was easy (80% responded that it was very or extremely easy to decide). They also understood most of the 5 main study features; the mean number of correct items was 3.93 out of 5.
Descriptive Statistics of Outcome and Predictor Variables
The average amount of time participants spent on the website was fairly short, i.e., 8.67 min. Additionally, only 71 participants (27%) opened the HC page. Of those 71, most ( n = 60, 84.5%) did not click to expand any health conditions, and only 5 clicked on all 11 conditions. Likewise, two thirds of our study participants did not click to read more about any of the key study features ( n = 171; 65.3%). Thirty-two participants clicked on 1 item (12.2%) and the remaining participants clicked on 2 or more ( n = 59; 22.5%). On average, participants agreed that the website was trustworthy and they did not find it frustrating. They re- ported having high levels of genetic self-efficacy and were not particularly worried about genetic screening. Levels of anxiety were low on average. Participants reported that they use the Internet regularly (between every day or 2 and several times per day). They had a good understanding of genetics, on average, based on their scores on the UNC Genomic Knowledge Scale.
Bivariate Associations
The 2 outcome variables -ease of deciding to join GeneScreen and understanding of key study features -were not correlated with one another ( r = 0.073, p = 0.23). Many variables that measured interaction with the website were intercorrelated, as seen in Table 4 , and most were also correlated with ease of deciding to join, as seen in Table 5 .
Hypothesis Tests
First, we examined predictors of ease of deciding to join the study to test the hypothesis that participants who interacted more with the GeneScreen website would find it easier to decide to join. Based on bivariate analyses, we used a multivariate regression model that included the control variables of self-efficacy, worry, state anxiety, and trait anxiety, as well as the predictor variables of time on the website, trust in the website, and frustration with the website. The overall model was significant (F [7, 254] = 15.630, p < 0.000), with an R 2 of 0.282. Participants who had greater genetic self-efficacy, less worry, more trust in information on the website, and less frustration with the website reported that the decision to join was easier. Importantly, however, contrary to what we had predicted (but consistent with the bivariate association), participants who spent less time on the GeneScreen website reported that the decision was easier to make. See Table 6 for the full model.
Next we examined predictors of understanding of the main study features to test the hypothesis that participants who had more interaction with the GeneScreen website would have more understanding of the main study features . Based on bivariate analyses, we tested a multivariate regression model that included the control variables of income, education, age, understanding of genetics, and frequency of Internet use as well as the predictor variable of opening the health conditions page. Notably, no other measure of website behavior (time on the website, number of health conditions clicked, number of consent items clicked, trust in the website, and frustration with the website) was correlated with this outcome. The overall model was significant (F [6, 255] = 5.532, p < 0.0001), with an R 2 of 0.363. In support of our hypothesis, participants who opened the health conditions page had higher scores on the measure of GeneScreen understanding than those who did not. In addition, participants who reported more frequent Internet usage also had a greater understanding of the main study features. See Table 7 for the full model.
Qualitative Interview Data
During the 50 qualitative interviews, participants were asked when they made the decision to join GeneScreen. Unexpectedly, 30 interviewees (60%) made the decision to join the study before they visited the website. Participants stated they decided upon receiving the letter and brochure, often because their "physician asked" or "Kaiser asked" and they trusted these healthcare providers. For these participants, the website did not influence their decision making. For instance, 1 participant said that she had made up her mind before visiting the website and was "just going on the website answering the questions as a formality because it was required." However, 12 participants (24%) who were interviewed decided to join GeneScreen after visiting the website. As one stated, "I think when I went to the website I was probably about seventy percent sure that I would do it, and then I read about the study and all the information that you had there, and I saw it, and that's when I went the extra thirty percent in my decision." For the remaining 8 participants who were interviewed (16%), it was unclear when they made the decision to join.
Discussion
In this paper, we sought to explore the relationship between use of online education and e-consent for a preventive genomic screening study and factors associated with (1) ease of deciding to join the study (that is, to accept screening) and (2) understanding the main study features. We found that the majority of GeneScreen participants reported that their decision making was easy -and, in fact, interviews revealed that many made their decision before they had even viewed the website. Scores for understanding the 5 main study features were high. These 2 outcomes were not correlated, indicating that participants' reported ease of deciding to join the study (and, therefore, to have the genomic screening) was unrelated to their understanding of key study features. Furthermore, the factors that emerged in multivariate analyses as significantly associated with these outcomes were entire-ly distinct. Specifically, ease of deciding to join the study was related to several website perceptions and behaviors, genetic self-efficacy, and worry about genetic screening, whereas understanding the main study features was related to just 1 specific website behavior (opening the health conditions page) and frequency of Internet use. Taken together, these findings show that the relative ease or difficulty of deciding to join a preventive genomic screening study and understanding key features of that study may be entirely different phenomena that should be treated as such in research and practice.
Participants who reported that they had an easier time deciding to join were those who felt more confident about their ability to get and use genetic information; were less worried about issues such as privacy, having a mutation, and the implications findings might have for their own and their family's health; were more trusting of the information on the website; and, contrary to our hypothesis, spent less time on the website, not more time. Findings from our qualitative analyses can help shed light on why this may have occurred. Specifically, the subset of 50 participants who were interviewed often reported that they made the decision to join early in the process, after reading the recruitment letter and brochure that were sent by their physician and/or health care institution. Thus, many participants appear to have made a quick decision after relatively little deliberation and may therefore have been less inclined to take the time to seek more detailed information on the website. Similarly quick decision making was reported by Desch et al. [7] , who found that college students presented with an online consent form describing a minimal-risk genetic study took far less time than expected -i.e., less than one tenth of the time the investigators identified as the minimum predicted reading time -to consent to the study.
These findings highlight the potential importance of incorporating health decision-making theories that distinguish between 2 processes (often called "dual process models"): (1) decision making that is slow, deliberative, effortful, and conscious and (2) decision making that is fast, automatic, and unconscious, or intuitive [20] . Each has its pros and cons, and evidence suggests that, under some circumstances, deliberative decision making can have unintended negative consequences (e.g., because it raises negative emotions that bias subsequent reasoning or places insufficient weight on factors that are difficult to articulate) whereas intuitive decision making can result in better decision outcomes [21] . However, in cases where informed consent is being implemented online, it may be important to take specific steps to increase the possibility that participants will fully engage with information that is provided to them (i.e., to specifically promote slow, deliberative information processing and decision making). The online environment poses distinct challenges in this regard. When education and informed consent procedures are completed in person, it is often possible for study staff to see that the individual does not fully understand information or has become distracted. Staff can then take action to evaluate understanding and/ or to reengage the individual. However, other methods will be needed to ensure that participants receive and understand critical information when it is provided online (e.g., use of features designed to enhance engagement, such as interactive exercises and multimedia presentation of information) [2] .
Interestingly, Kaphingst et al. [8] found that MI participants who spent a longer time on that study's website reported a greater ease in deciding to join. The way participants used our website appears to be quite different from the way that participants used the MI study's website. It may be worth considering differences in website design as one explanation. Websites vary in their ability to engage participants in active learning [22, 23] , and it may be that those with greater interactivity [2, 6] and other features associated with engagement in online information are better able to ensure that participants learn and consider important pros and cons of the decision to accept genomic screening.
In fact, as noted above, our qualitative interview findings revealed that many participants felt at relative ease joining the study and had decided to join even before they visited the website and read the online consent materials, at least in part because they had received a recruitment letter signed by their physician or a representative of their healthcare institution's biobank. They appeared to perceive this letter as signaling their provider's or healthcare institution's support for a decision to join the study and, importantly, many said they trusted their provider or healthcare institution. In the quantitative survey findings, it may be that our measure of trust in the website (which predicted a greater ease of deciding to join) served as a proxy for individuals' trust in their physician or health care institution. A number of studies, including several review studies, have found that people's trust in the research enterprise affects decision making regarding consent to participate in genetic research (most of these studies involve consent to participate in a biobank) [24] [25] [26] [27] [28] [29] [30] . Kelly et al. [31] surveyed individuals in a research registry on attitudes toward consent for research use of their genetic and medical information. They found that the ma-jority of respondents thought that providing the name of the study's lead researcher on the consent form would enable them to trust the researcher and provide them a person to contact about the study if necessary. These findings indicate that care must be taken in the wording of these letters to promote participants' motivation to carefully weigh the pros and cons of joining rather than being guided to a quick decision by their trust in their provider or healthcare institution.
With respect to participants' understanding of study features, only 2 factors were associated with understanding when controlling for other potential predictors: selfreported frequency of Internet usage and opening of the health conditions page. No other measures of website behaviors (including time spent on the website or clicking on study features to get more information about them) or perceptions about the website (i.e., that it presented trustworthy data and was not frustrating to use) were related to understanding study features. It is important to note that the website's summary statements (i.e., the information that participants received without having to click to display more detailed information) included enough information about the study to support participants' decision making and allow them to do well on the outcome measure of knowledge. Furthermore, information in the recruitment letter and brochure may have provided individuals with an adequate understanding of the GeneScreen study so that they did not have to further investigate information on the website. Answers to 4 of the 5 questions used to measure understanding of GeneScreen features were addressed in these materials.
It is also possible that individuals who use the Internet frequently have a higher literacy level, more generally, and thus find it easier to engage with and gain knowledge from printed and online information provided about the study, compared to their less Internet-experienced peers. It is unclear why understanding was associated with opening the HC page, which merely showed a list of the health conditions covered in the GeneScreen test. It may be that participants with a better understanding of study features are also at least somewhat more oriented toward seeking and engaging with health information and thus were more likely to want to see the list of health conditions. Taken together, these findings suggest that individuals with a greater tendency to seek and learn or retain health information may have been relatively advantaged in understanding key study features. However, these findings should be considered with caution given the nature of our sample (which mostly consisted of well-educated individuals) and the fact that the items we used to measure study understanding did not thoroughly address all aspects of information available on the website. This study has several limitations. First, our participants were recruited from 2 sites with different rates of participation. Enrollment by the KPNW Biobank members was nearly twice that of the participants recruited from the rosters of the UNC general medicine clinic (30 vs. 16.5%). There are several possible explanations for these different consent rates. The higher rate at KPNW likely reflects the fact that these participants had already consented to have their specimen in a biobank for broad future research purposes and thus, we can assume, have some interest in clinical research and comfort with their specimens being used for research. Additionally, participation involved the passive step of allowing the research biobank to use a sample they were already storing, unlike the UNC joiners who had to provide a saliva sample. Finally, recruits at UNC were far more likely to be from demographic groups that are typically underrepresented in clinical research. For example, 34% of the people who received our letters and brochures at UNC were African American, compared to only 3% of the KPNW Biobank recruits. Likewise, 49% of UNC recruits were men, but men comprised only 34% of KPNW recruits. Interestingly, the KPNW participation rate was higher even though they were not provided survey incentives. It is not possible to disentangle the impact of site versus incentives on participation rates, but it raises interesting questions to explore in future studies.
Second, despite our attempt to recruit a diverse sample, the majority of the participants were female, white, non-Hispanic, and well educated. Over 50% of the sample also had an annual income of at least USD 75,000. The demographics of GeneScreen joiners were thus typical of many clinical research participants and "early adopters" of new health information [32] . One important finding was that African American joiners did not differ demographically from the rest of GeneScreen participants (except they were slightly younger), indicating that socioeconomic status was a more valid predictor of the response to recruitment for this sample than race or ethnicity. Additionally, of course, participants had to have access to the Internet in order to join GeneScreen, which may explain part of the lack of diversity in our sample. Although approximately 90% of people in the USA use the Internet, gaps in usage remain among certain demographic groups. For example, Internet use is positively related to income and education and inversely related to age; there is no significant relationship between Internet use and race or ethnicity [33] . 245 Third, although our recruitment plan included inviting people to take a decision-making survey even if they did not wish to participate in genetic screening, we were not able to achieve an adequate "decliner" response rate. Thus, several important research questions that required comparing responses of joiners to decliners remain unanswered. Additionally, other studies have compared econsent with traditional in-person paper consent [2, 6] . These studies found that e-consent, if it has an interactive component, takes longer than paper consent and participants have a greater understanding of the study. We did not design our study to have a comparison group with in-person paper consent, so we do not know how participants' understanding of the study features or ease of decision making may have been different.
Despite these limitations, our study contributes to an important, but still limited, area of research. Our findings suggest the promise of online education and e-consent for preventive genomic screening targeting the general adult population. Importantly, participants had a generally good understanding of study features, regardless of whether they had sought more information available to them on the website, but these findings may be limited to a subgroup of individuals who are relatively well educated and Internet savvy. Thus, it may be worthwhile to further investigate the best ways to ensure that participants access information available to them on a website such as this one, enhancing understanding and facilitating decision making to the greatest extent possible. Sorting out when and how individuals acquire information about features of an online study like GeneScreen is a rich area for future research.
